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In the title compound, [Au2(C6HgN2S4)(Ci8Hi5P)4] -2^013, 
the digold complex resides on a crystallographic inversion 
center and co-crystallizes with two molecules of chloroform 
solvent. The piperazine-l,4-dicarbodithioate linker has an 
almost ideal chair conformation. The geometry about the gold 
atoms is severely distorted tetrahedral punctuated by a very 
acute S— Au— S bite angle. 

Related literature 

For stabilization of gold salts by dithiocarbonates, see: 
Fernandez et al. (1998). For use of piperazine dithio- 
carbamates as ligands used to engineer multimetalhc assem- 
blies, see: Wilton-Ely et al. (2008); Knight et al. (2009fl,&); 
Oliver et al. (2011). For the copper analgoue, see: Kumar et al. 
(2009). For other related gold complexes, see: Razak et al 
(2000); Jian et al (2000). A molecular geometry check was 
performed with Mogul, see: Bruno et al (2002). Related 
compounds were found in the Cambridge Structural Database 
(Allen, 2002). For ring analysis, see: Cremer & Pople (1975). 



Experimental 

Crystal data 

[AU2(QH8N2S4)(CigHi5P)4]- 

2CHCI3 
M, = 1918.13 
Triclinic, PI 
a = 12.8455 (17) A 
b = 13.2879 (10) A 
c = 13.4197 (9) A 
a = 119.572 (2)° 

Data collection 

Bruker SMART APEXII 

diffractometer 
Absorption correction: multi-scan 

(SADABS: Bruiser, 2007) 

r„i„ = 0.083, r„,„, = 0.140 

Refinement 

R[F^ > 2a(F^)] = 0.028 

wR{F^) = 0.074 

5 = 1.15 

7089 reflections 



p = 101.544 (2)° 

Y = 96.039 (2)° 

V = 1895.2 (3) A^ 
Z= 1 

Cu Ka radiation 
II = 11.30 mm"' 
T = 100 K 

0.44 X 0.35 X 0.29 mm 



30338 measured reflections 
7089 independent reflections 
7080 reflections with / > 2o-(/) 
R,„, = 0.031 



442 parameters 

H-atom parameters constrained 
Ap„„, = 2.40 e A"' 
Ap„i„ = -1.35 e A"' 



Table 1 

Selected geometric parameters (A, °). 



Aul-P2 




2.2994 (8) 


Aul-S2 




2.6133 (8) 


Aul-Pl 




2.3233 (8) 


Aul-Sl 




2.7414 (8) 


P2-Aul- 


-Pl 


134.65 (3) 


P2 -Aul- 


-Sl 


107.34 (3) 


P2-Aul- 


-S2 


116.81 (3) 


Pl -Aul- 


-SI 


99.39 (3) 


Pl-Aul- 


-S2 


107.10 (3) 


S2-Aul- 


-SI 


67.03 (2) 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL (Sheldrick, 2008), FCFJilter (Guzei, 2007) and 
INSerter (Guzei, 2007); molecular graphics: SHELXTL and 
DIAMOND (Brandenburg, 1999); software used to prepare material 
for publication: SHELXTL, publCIF (Westrip, 2010) and modiCIFer 
(Guzei, 2007). 

We acknowledge support from the University of Johan- 
nesburg for this work. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: NG5253). 
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(/'-Piperazine-l,4-dicarbodithioato-/c S ^ '.S^^ )bis[bis(triphenylphosphane-K'P)gold(I)] chloro- 
form disolvate 

I. A. Guzei, L, C. Spencer, S. Lillywhite and J. Darkwa 
Comment 

Dithiocarbamates have long been used as ligands to stabilize gold(I) and gold(III) salts (Fernandez et al, 1998), but 
piperazine dithiocarbamates are currently receiving a lot more attention as ligands that can be used to engineer multimetallic 
assemblies including making gold nanoparticles (Wilton-Ely et al, 2008; Knight et al. 2009a; Knight et al, 2009Z>; Oliver 
et al, 2011). We recently isolated the title compound (I) via a slight modification of one of the routes described in the 
aforementioned literature. 

The crystal structure of (I) contains the digold complex residing on a crystallographic inversion center and two molecules 
of solvent chloroform solvent per digold complex. The piperzine dithiocarbamate linker exhibits an almost ideal chair 
conformation (puckering coordinates 9=177.97 (1)° (p=0°, Cremer & Pople, 1975) similar to the analogous compounds with 
group ten square-planar metal centers nickel, palladium, and platinum (Knight et al, 2009a) and the tetrahedral copper 
analogue (Kumar et al, 2009). All bond distances and angles are typical as confirmed by a Mogul geometry check except 
for the SI— CI— S2, SI — CI — Nl, and S2 — CI— Nl angles (Bruno et al, 2002). However these angles in (I) are similar 
to those in the closely related compounds (A'^,A'^-diisopropyldithiocarbamato-5,5')-bis(triphenylphosphane-P)-gold(I) (Jian et 
al, 2000) and (piperidine-l-carbodithioato-5,5')-bis(triphenylphosphane-P)-gold(I) (Razak et al, 2000). 

The geometry about the gold atom is severely distorted tetrahedral with the dihedral angle between the planes defined 
by atoms SI, Aul, SI and PI, Aul, PI measuring 88.77 (3)°. Such a distorted tetrahedral geometry and acute S — Au — S 
bite angle (67.03 (2)°) are typical of complexes where gold is bonded to two phosphorous atoms and two sulfur atoms of a 
bidentale ligand forming a four-membered metallocycle. For eight such compounds in the Cambridge Structural Database 
(CSD; August 2011 update; Allen, 2002) the S — ^Au — S bite angle has an average of 66 (3)°. These compounds also have 
very large P — Au — P angles with a 135 (5)° average corresponding well to the 134.65 (3)° value found in (I). The copper 
analogue of (I) also exhibits a similarly distorted tetrahedral geometry but with a larger S — Cu — S bite angle of 75.41 (2)° 
(Kumar et al, 2009). The group ten analogues exhibit distorted square planar geometries with larger S — metal — S bite 
angles that average 77 (3)° (Knight et al, 2009a). The Au — S distances in (I) differ by 0.1281 A; this value agrees well 
with the differences in the two Au — S bonds in the eight related compounds in the CSD where such distances differ by an 
average of 0.18 (11) A. 

Experimental 

To a solution of potassium piperazine- l,4-bis(dithiocarbamate) (0. 17 g, 0.57 mmol) in water (10 mL) was added a solution 
of [AuCl(PPh3)] (0.40 g, 0.81 mmol) in dichloromethane (10 mL). The biphasic reaction mixture was stirred for 30 minutes. 

The organic layer was separated and layered with chloroform and hexane to yield a yellow solid. Yield: 0.32 g (69%). 

NMR (CDCI3): 6 7.53 (m, 12H), 7.42 (m, 18H), 4.30 (s, 8H). ^^C{^H} NMR (CDCI3): 5 208.2 (2 C, C=S), 134.1, 130.7, 

128.9, 50.1. P{^H} NMR (CDCI3): 8 28.9. ESI-MS (m/z): 1155 {[M\, 5%), 721 [Au(PPh3)2]+, 100%). IR (ATR, cm"'): 
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u(c— n) = 1451, u(c=s) = 1026, u(c— s) = 997. Anal. Calc. for C78H68Au2N2P2S4'CHCl3: C 50.09, H 3.68, N 1.46. Found: 
C49.73, H 3.76, N 1.60%. 

Refinement 

All H-atoms attached to carbon atoms were placed in idealized locations and refined as riding with appropriate thermal 
displacement coefficients U[^q{H) = 1.2 times C/eq(bearing atom). Default effective X — H distances for T = -173. 0°C C{sp 
3)-lH=1.00, C(sp 3)-2H=0.99, C(sp 2)-H=0.95. The final difference map had a peak and a hole in the vicinities of Au. 



Figures 




Fig. 1. Molecular structure of (1) (Brandenburg, 1999). The thermal ellipsoids are shown at 
50% probability level. All hydrogen atoms were omitted. Symmetry code: (i) -x,2-y, 2-z. 



(|j-Piperazine-1,4-dicarbodithioato- K S ,S :S ,S ) bis[bis(triphenylphosphane-KP)gold(l)] chloroform disolv- 
ate 



Crystal data 

[AU2(C6H8N2S4)(C 1 gH 1 5P)4] -ICHClj 

M,-= 1918.13 

Triclinic, PI 

Hall symbol: -P 1 

a = 12.8455 (17) A 

6= 13.2879 (10) A 

c= 13.4197 (9) A 

a = 119.572 (2)° 

|3= 101.544 (2)° 

y = 96.039 (2)° 

V= 1895.2 (3) A^ 



Z= 1 

P(000) = 948 

Dx= 1.681 Mgm"^ 

Cu radiation, X = 1.54178 A 

Cell parameters from 9936 reflections 

6 = 3.6-71.7° 

H = 11.30 mm"' 

T= 100 K 

Block, colourless 

0.44 X 0.35 X 0.29 mm 



Data collection 

Bruker SMART APEXII 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

0.50° CO and 0.5 ° cp scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2007) 



7089 independent reflections 

7080 reflections with / > 2a{I) 
i?i„t = 0.031 

^max ~ 72.3 

/! = -15^14 
A; = -16^16 
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30338 measured reflections 



/ = -16^16 



Refinement 

Refinement on 
Least-squares matrix: fiiU 

/?[i^>2a(i^)] = 0.028 

wR{F^) = 0.074 

S= 1.15 

7089 reflections 
442 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difl^erence Fourier map 
Hydrogen site location: inferred fi-om neighbouring 
sites 

H-atom parameters constrained 

w = l/[aVo^) + (0.0416P)^ + 3.5159P] 

where P = (i^o^ + 2FcV3 
(A/aW = 0.001 
Apmax = 2.40 e A"^ 
Apmin = -l-35 e A"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d. 's in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d. 's involving l.s. planes. 

2 2 

Reflnement. Refinement of -F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R arc based on F, with F set to zero for negative F^. The threshold expression of F^ > a(F^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 




Aul 


0.234436 (10) 


0.776500(10) 


0.653197 (10) 


0.01426 (6) 


SI 


0.25387 (6) 


0.94442 (7) 


0.88645 (7) 


0.01770 (16) 


S2 


0.04873 (6) 


0.82819(7) 


0.68645 (7) 


0.01689 (16) 


PI 


0.24564 (7) 


0.61270 (7) 


0.67150 (7) 


0.01428 (16) 


P2 


0.32654 (7) 


0.86933 (7) 


0.57904 (7) 


0.01350 (16) 


Nl 


0.0585 (2) 


0.9761 (2) 


0.9150(2) 


0.0168 (5) 


CI 


0.1155(3) 


0.9217 (3) 


0.8365 (3) 


0.0156 (6) 


C2 


0.1115(3) 


1.0645 (3) 


1.0418 (3) 


0.0195 (7) 


H2AB 


0.1051 


1.1446 


1.0584 


0.023* 


H2AA 


0.1903 


1.0655 


1.0614 


0.023* 


C3 


0.0590 (3) 


1.0359 (3) 


1.1199(3) 


0.0192 (7) 


H3AA 


0.0737 


0.9608 


1.1113 


0.023* 


H3AB 


0.0913 


1.1005 


1.2050 


0.023* 


C4 


0.3628 (3) 


0.6456 (3) 


0.7941 (3) 


0.0183 (7) 


C5 


0.4568 (3) 


0.7301 (3) 


0.8254 (3) 


0.0215(7) 


H5AA 


0.4581 


0.7723 


0.7854 


0.026* 


C6 


0.5488 (3) 


0.7527 (4) 


0.9152 (3) 


0.0285 (8) 
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Geometric parameters (A, °) 
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C17— H17A 


0.9500 


Aul— PI 


2.3233 (8) 


C18— C19 


1.388 (6) 
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1 1 n 1 /"3\ 
Uy.l \i) 


/^lA /^on uon A 
CiU — Czy — HzyA 


lino 

uy.o 


CD — C4 — r 1 


1 1 n T 

uy.j (^jj 


/^oo /^on Tuon a 
Czo — Czy — HzyA 


lino 

uy.o 


L.y — C4 — rl 


Izl.o (jj 


/^on /^OA 

Czy — C jU — Ci 1 


linn 
uy.y (ij 


/^JC /^C /^/l 

Co — CD — C4 


1 1A 1 

IzU.z ( j ) 


/^On /^"iA XJ'5A A 

Czy — CiU — HiUA 


1 OA A 

IzU.U 


r^n r^z xjc A A 
Co — CD — HDAA 


linn 

1 ly.y 


/^T 1 /^TA XJTA A 

Ci 1 — CiU — HiUA 


1 OA A 

IzU.U 


f^A l^Z TUC A A 

C4 CD — HDAA 


linn 

uy.y 


Ciz — Ci 1 — CiU 


1 OA Z i1\ 

IzU.D \i) 


r^n r^a r^c 
C / — Co — CD 


1 1A 1 

IzU.Z (4J 


Ciz — Ci 1 — Hi 1 A 


lino 

uy.o 


r^n r^a a a 
C / — Co — HoAA 


linn 

iiy.y 


CiU — Cil — HilA 


lino 

uy.o 


r^a a a 
CD — Co — rloAA 


linn 

1 ly.y 


r^i^ /^OO /^TT 

Ci 1 — Ciz — Cii 


linn /'0\ 

uy.y (i) 


r^c r^n t~^o 
Co — C / — Co 


1 T A A i A\ 

IzU.U (^4) 


/^'5l /^"Jo mo A 
Ci 1 — Ciz — HizA 


1 OA A 

IzU.U 


r^n tn a a 
CO — C / — M / AA 


1 OA A 

IzU.U 


c^ii r^io tno A 
Cii — Ciz — HizA 


1 OA A 

IzU.U 


t~^Q f~^n m A A 
Co — C / — H / AA 


1 1A A 

IzU.U 


/^oo /^n /^lo 
Czo — Cii — Ciz 


1 OA O /'0\ 

IzU.z \i) 


f^(\ f^Q f^n 
CV — Co — C / 


1 1 A C ( A\ 

IzU.D y\) 


/^oo /^Ti un A 
Czo — Cii — HiiA 


linn 

uy.y 


f^Ci f^Q UO A A 

Cy — Co — HoAA 


lino 

uy.o 


/^TO r^'yi UTJ A 

Ciz — Cii — HiiA 


linn 

uy.y 


r^n r'o xjo a a 
C / — Co — HoAA 


lino 

uy.o 


/^"in /^"i/i r^'7c 
Ciy — Ci4 — CiD 


lino 

uy.z (i) 


Co — cy — C4 


linn ( A\ 

1 ly.y (4j 


/^Tn /^T/l T»0 

Ciy — Ci4 — fZ 


1 1 o o /o\ 
Uo.z (z) 


f^Q {^c\ Tun A A 

Co — cy — HyAA 


1 TA A 

IzU.U 


/^oc /~^1A r>o 
CiD — Ci4 — rz 


1 oo /; /o\ 
IzZ.D (z) 


r^A r^c\ xjft A A 
C4 — cy — HyAA 


1 OA A 

IzU.U 


r^ia r^iA 
CiO — CiD — Ci4 


1 OA A \ 

IzU.U (ij 


Cii — ClU — CID 


1 1 n A 

iiy.u \i) 


r^i/i r^iz xj'ic A 
CiO — CiD — HiDA 


1 OA A 

IzU.U 


CI 1 — ClU — r 1 


1 T> /; /"3\ 
Izz.D \i) 


Ci4 — CiD — HiDA 


1 OA A 

IzU.U 


CID — ClU — 1 


1 1 O A 

Uo.U (J) 


/^TO f~^'^£. r^'jz 

Ci / — CiO — CiD 


1 OA O 

IzU.z \i) 


ClU — Cll — Clz 


1 OA 

IzU.o \i) 


/^n /^liC xj'iiC A 
Ci / — CiO — HioA 


linn 

uy.y 


/"'lA /"'ll XJ11A 

ClU — Cll — ^Hl lA 


lino 

uy. / 


/^"ic r^ia uia A 
CiD — CiO — HioA 


linn 

uy.y 


Clz — Cll — HI lA 


1 1 n T 

uy. / 


r^ia r^m /^to 
CiO — Ci / — CiO 


1 OA 0 t1\ 

IzU.i \i) 


CI J — Clz — Cll 


1 1 n o 
uy.o yi) 


f^'ii, t~^ln mo A 
CiO — Ci / — Hi /A 


lino 

uy.o 


CI j — Clz — ^HlzA 


1 OA 1 

IzU. 1 


r^'yo r^'yn xj'io a 
CiO — Ci / — Hi /A 


lino 

uy.o 


CI 1 — Clz — HlzA 


1 OA 1 

IzU.l 


/^lo /^lo /^m 
Ci / — Cio — Ciy 


line /'0\ 
Uy.D (i) 


/^IT /^IT 

C14 — CI J — Clz 


1 OA 1 

IzU.l \i) 


/^lo /^lo mo A 
Ci / — Cio — HioA 


1 OA o 

IzU.z 


C14 — CI J — ^HljA 


1 OA A 

IzU.U 


/^m /^lo mo A 
Ciy — Cio — HioA 


1 OA O 

IzU.z 


Clz — Cli — ^Hl jA 


1 OA A 

120.0 


/^o/i /^on /^oo 

C34 — C39 — C38 


1 OA O /"?\ 

120.7 (3) 


C13— C14— C15 


120.4 (3) 


C34— C39— H39A 


119.6 


C13— C14— H14A 


119.8 


C38— C39— H39A 


119.6 


C15— C14— H14A 


119.8 


C12— C40— CU 


110.6 (2) 


C14— C15— CIO 


120.1 (3) 


C12— C40— CI3 


110.7 (2) 


C14— C15— H15A 


120.0 


CU— C40— CI3 


110.3 (2) 
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CIO — C15 — H15A 


120.0 


C12 — C40 — H40A 


108.4 


C17 — C16 — C21 


119 4 


Cll — C40 — ^H40A 


108.4 


C17 — C16 — ^Pl 


124.1 (3) 


C13 — C40 — ^H40A 


108.4 


rl — AU 1 — k> 1 — U 1 


11^ 1Q 

1 1 J. lo (1 1 j 


i^iA 

C 1 3 — C 1 4 — C 1 J — C 1 U 


U.O (j) 


rl — Aul — bl — CI 


1 A 1 on / 1 1 \ 

— lUl.oy (11) 


Cll — ClU — Cl J — C14 


0.7 (5) 


hi — All 1 — b 1 — C 1 


Z. /y (11) 


r 1 — C 1 U — C 1 J — C 1 4 


1 /3.y (3) 


rl — Aul — oZ — CI 


1A1 ic\ ( ^ ^\ 
— 1U1.3U (11) 


ClU — rl — ClO — Cl / 


-7.7 (3) 


rV — Aul — — CI 


QA OA /I 1 ^ 

yu.iy (11) 


C4 — rl — CIO — Cl / 


— 1 lO.U (3 ) 


IS 1 — Au 1 — o2 — C 1 


O T/C /I 1 \ 

— Z. /O (1 1) 


Aul — rl — Clo — Cl / 


1 TA T 

IZU.Z (3) 


rl — Aul — r 1 — C 1 U 


A(\ £i1 i"\ '5\ 

— 4U.03 (13) 


ClU — r 1 — Clo — Czl 


1 /4.U (3 ) 


k>z — Aul — r 1 — C 1 U 


lz4.o4 (13) 


r^A T>1 /^liC /^0 1 

C4 — rl — Clo — Czl 


OJ. / (3) 


CI A..1 X>1 i^lrt 
k>l — Aul — r 1 — ClU 


—loo. 04 (13 ) 


Aul — r 1 — CIO — Czl 


jo.U (3 ) 


rl — Au 1 — r 1 — C4 


1^ A/; / 1 '>\ 
/j.VO ( IZ) 


/^Ti ^^^^ ^^^Q 
CZl — Clo — Cl / — Clo 


-0.4 (5) 


bZ — Au 1 — r 1 — C4 


1 1 O TT /'I 0\ 

— 1 lo. / / (Iz) 


r 1 — CIO — Cl / — Clo 


1 OO <^ /'3\ 

—1 /o.O (3 ) 


k>l — Aul — rl — C4 


CA AC /I 0\ 

— jU.Uj (Iz) 


a ^^^^ ^^^o ^^^c\ 

Clo — Cl / — Clo — ciy 


—U.O ( J ) 


j^Z — Aul — rV — ClO 


1 A/i OA /"I o^ 
— 104./U (Iz) 


i^n 1^10 r^io r^oA 
Cl / — Clo — ciy — CzU 


0.4 (5) 


t)Z — Au 1 — r 1 — C 1 0 


U.J / (13) 


1 O 1 A /^OA /^O 1 

C 1 o — C 1 y — CZU — CZ 1 


0.7 (5) 


CI A,,i m c 
k>l — Aul — r 1 — ClO 


A TA / 1 

ov.zy (13) 


c 1 y — CZU — CZ 1 — c 1 0 


-1.7 (5) 


rl — Aul — rl — C34 


AO CA /I 

45. o4 (13) 


^^^^ iC /^oi /^oa 
Cl / — Clo — CZl — CZU 


1.6 (5) 


oZ — Au 1 — 1 Z — C 3 4 


lie /"I 0\ 
— 11 J.JO (IZ) 


r 1 — C 1 0 — CZ 1^ — -CZU 


1 ^A A 

1 /V.V (3) 


CI A 11 1 m /^Q A 

b 1 — Au 1 — r I — C 3 4 


1 T 1 AT / 1 0\ 

1 /i.yz (iz) 


C34 — rZ — CZZ — CZ3 


/4.3 (3) 


PI All! P9 r">s 
r 1 — rt.ui — rz — v^zo 


\J 1 (IZJ 


r">s po POO r'O'i 


1 /O.O ( J J 


S2 — Aul — P2 — C28 


128.61 (11) 


Aul — P2 — C22 — C23 


-54 3 (3) 


SI— Aul— P2— C28 


56.08(11) 


C34— P2— C22— C27 


-105.8 (3) 


PI— Aul— P2— C22 


173.21 (13) 


C28— P2— C22— C27 


3.1 (3) 


S2— Aul— P2— C22 


9.01 (13) 


Aul— P2— C22— C27 


125.6 (3) 


SI— Aul— P2— C22 


-63.52 (13) 


C27— C22— C23— C24 


2.8 (5) 


C3' — Nl — Cl — SI 


178.5 (2) 


P2— C22— C23— C24 


-177.3(3) 


C2 — Nl — Cl — SI 


6 3 f4) 


C22 — C23 — C24 — C25 


-2 4 f 6) 


C3 — JN 1 — Cl — bZ 


—0 0 (A\ 
Z.Z (^^J 






r'o Ml PI CO 

l_-Z IN 1 oZ 


i / H-.H- (Z ) 




1 /"^^ 
i.8 p; 


Aul— SI— Cl— Nl 


174.8 (3) 


C25— C26— C27— C22 


-1.5 (5) 


Aul— SI— Cl— S2 


-4.50 (17) 


C23— C22— C27— C26 


-0.8 (5) 


Aul— S2— Cl— Nl 


-174.6 (3) 


P2— C22— C27— C26 


179.3 (3) 


Aul— S2— Cl— SI 


4.70(18) 


C34— P2— C28— C33 


2.9 (3) 


Cl— Nl— C2— C3 


-131.2 (3) 


C22— P2— C28— C33 


-106.4 (3) 


C3'— Nl — C2 — C3 


55.8 (4) 


Aul— P2— C28— C33 


124.5 (2) 


"\T1 /"'O /"'T "\T1 1 

JN 1 — CZ — C3 — JN 1 






L 1 J .y ^z ^ 


C 1 (J — ^r 1 — C4 — C J 


92.7 (3) 


Czz — rl — Cz 5 — Czy 


/4.5 (3) 


ClO — ^rl — C4 — CD 


— lib. / (i) 


Aul — rz — Czs — Czy 


-54.3 (3) 


Au 1 — r 1 — C4 — C J 


—30.2 (3) 


/^n /^To /^Tn r^ipt 
C33 — Cz6 — CzV — C3U 


0.5 (5) 


C 1 U — r 1 — C4 CV 


— s5.U (3) 


m /^oo r^on /^ia 
rz — Czs — Lzy — C3U 


1 'TA /I /I \ 

1 /y.4 (3) 


C 1 6 — F 1 — C4 — cy 


25.6 (3) 


C28 — Ciy — C30 — C3 1 


-0.6 (5) 


Aul— PI— C4— C9 


152.0 (3) 


C29— C30— C31— C32 


0.3 (5) 


C9— C4— C5— C6 


0.6 (5) 


C30— C31— C32— C33 


0.1 (5) 


PI— C4— C5— C6 


-177.2 (3) 


C29— C28— C33— C32 


-0.1 (5) 


C4— C5— C6— C7 


-0.7 (5) 


P2— C28— C33— C32 


-178.9 (2) 


C5— C6— C7— C8 


0.1 (6) 


C31— C32— C33— C28 


-0.2 (5) 
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C6— C7— C8— C9 0.6 (6) 

C7— C8— C9— C4 -0.6 (6) 

C5— C4— C9— C8 0.0 (5) 

PI— C4— C9— C8 177.8 (3) 

C4— PI— CIO— Cll -8.8 (3) 

C16— PI— CIO— Cll -117.7(3) 

Aul— PI— CIO— Cll 113.0(3) 

C4— PI— CIO— C15 178.2 (3) 

C16— PI— CIO— C15 69.4 (3) 

Aul— PI— CIO— C15 -60.0(3) 

C15— CIO— Cll— C12 0.0(5) 

PI— CIO— Cll— C12 -172.9(3) 

CIO— Cll— C12— C13 -0.5(5) 

Cll— C12— C13— C14 0.3(5) 

C12— C13— C14— C15 0.3 (5) 



Symmetry codes: (i) -x, -y+2, -z+2. 



/"'TO 


— r/ — — CjV 


50. o [5) 


Czz- 


— rl — Cj4 — Cj9 


— lo4. / [3) 


A 1 

AUl- 


— rl — L.j4 — L.iy 


—51.5 \5) 




— rZ — L.j4 — 


-91.1 (3) 




— r/ — L-iA — Cj5 


17.5 (3) 


Aul- 


— P2— C34— C35 




C39- 


-C34— C35— C36 


— U.O ( J ) 


P2— 


-C34— C35— C36 


1 / /.z J 


C34- 


-C35— C36— C37 


-0.9 (6) 


C35- 


-C36— C37— C38 


1.0(6) 


C36— C37— C38— C39 


0.5 (6) 


C35- 


-C34— C39— C38 


2.1 (5) 


P2— 


-C34— C39— C38 


-175.8 (3) 


C37- 


-C38— C39— C34 


-2.0(5) 
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